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Abstract 
 
The article outlines the possibilities to evaluate by a modified low-cycle fatigue test the quality of materials characterised by different 
structures and the resulting mechanical properties. The method was described by computer program (MLCF), adjusted to the operating 
parameters of a versatile testing machine. 
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1. Description of MLCF computer 
program 
 
The computational algorithm for MLCF is written in Basic 
language. The examined data are saved during the MLCF fatigue 
test performed on a MTS 810 testing machine. The data saved in 
text files are next processed in an Excel calculation sheet using 
subprograms in the form of macros. 
The computational algorithm has been divided into six blocks 
(operational units). 
In the first block, reading in of the data takes place. These are 
the following data: specimen cross-section, values of force after 
each unloading, maximum load values for the first and last cycle 
in  all  „20  loading–unloading  cycle  „bundles”,  offset  values 
corresponding to maximum force for the first and last cycle in all 
„bundles”,  and  offset  values  for  the  first  and  last  cycle  in 
individual  “bundles”.  This  block  also  enables  computation  of 
permanent set for each “bundle” and force-corresponding stresses 
after each unloading of the specimen (Fig. 1). 
The  second  block  is  used  for  the  computation  of  Young’s 
modulus in selected stress ranges, i.e. E0 (initial), E10, E80, E180, 
calculated from equation (1) for the stable mechanical hysteresis 
loop: 
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where:   
1; 1  -  the stress and strain values, respectively, for the lower 
vertex of a mechanical hysteresis loop, 
2; 2  -  the stress and strain values, respectively, for the upper 
vertex of a mechanical hysteresis loop. 
 
In the third block, the proof stress values are computed for the 
strain levels of 0,02; 0,05; 0,1; and 0,2 %, applying the method of 
interpolation (the strain values are measured on a specimen using 
an extensometer of 20 mm base). 
The  fourth  block  uses  the  graph  shown  in  Fig.  2.  It  enables 
measurement  of  fatigue  strength  in  a  rotary  bending  test  Zgo, 
necessary  for  the  determination  of  MLCF  characteristic  para-
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Fig. 1. The algorithm block for data loading 
 
 
 
Fig. 2. Plotted curve for fatigue strength measurement [2] 
 
The fifth block enables an analysis to be conducted on this 
part of the algorithm that specifies the parameters of a low-cycle 
test in its standard (LCF) and modified (MLCF) form, described 
in more detail in [1]. 
The  last  block  of  the  algorithm  is  expected  to  help  in 
computations of the accomodation limit Ra, i.e. the highest stress 
above  which  the  permanent  set  has  no  longer  the  ability  to 
recover. 
 
 
2. Mechanical tests 
 
Tests were carried out on specimens taken from a real casting 
of  iron  roll  [7],  characterized  therefore  by  a  heterogeneous 
structure, and on the specimens of ductile iron of the chemical 
composition given in Table 1. Tables 2 and 3 give the results of 
mechanical tests carried out on both materials. 
 
Table 1.  
Chemical composition of cast iron 
C  Si  Mn  P  S  Mg  Ni  Cu 
3.7  2.25  0.25  0.035  0.01  0.07  1.88  0.85 
 
Figure 3 and Table 2 show the shape and dimensions of the 
specimens tested and described in this study. 
 
Fig. 3. Dimensions of the tested specimens 
 
 
Table 2.  
Dimensions of the tested specimens  
d0 [mm]  D [mm   l0 [mm]  l1 [mm]  l2 [mm]   L [mm]  D [mm]  H [mm] 
8  10  40  45  30  125  12  16 
 
Table 3.  
The results of MLCF test made for the selected mechanical properties on a cast iron roll  
Sample 
No. 
E0    E10  E80  E180  R0,02  R0,05  R0,1  R0,2 
[MPa]    [MPa]  [MPa]   [MPa]  [MPa]  [MPa]  [MPa]  [MPa] 
121  145 140  147 583  164 563  156 361  187,13  264,45  187,13  264,45 
192  130 916  133 179  148 965  146 685  170,46  235,56  268,88  295,30 
193  98 663  104 653  146 585  159 836  279,45  363,11  369,82  383,24 
671  112 116  117 261  153 276  155 017  247,4  376,4  389,04  - 
673  128 374  130 829  148 009  155 589  164,86  244,63  305,00  377,00 
1111  145 325  140 120  151 123  150 325  212,12   225,12  238,00  272,00 
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Table 3. cntd. 
Sample 
No. 
Ra  Zgo(Ro,o2)  Zgo(Rm)  Rm  b  c  max 10
6 
[MPa]  [MPa]    [MPa]  -  -   
121  264,30  115,3  135,21  318,3  -0,08817  -0,02627  1249 
192  210,12  106,12  123,15  357,29  -0,10554  -0,16549  1001 
193  310,20  152,11  156,57  399,21  -0,08376  -0,15441  1385 
671  332,12  -  154,36  430,88  -0,08916  -0,1461  1288 
673  235,21  133,17  158,11  422,53  -0,10031  -0,1926  1092 
1111  220,12  125,12  131,79  358,00  -0,09112  -0,1994  1057 
 
Table 4.  
The results of MLCF test made on ductile iron.  
Sample 
No.  
E0    E10  E80  E180  R0,02  R0,05  R0,1  R0,2 
[MPa]    [MPa]  [MPa]   [MPa]  [MPa]  [MPa]  [MPa]  [MPa] 
1  124 109  127 596   152 040  159 606  293,0  352,0  392,0  - 
2  136 354  138 295  151 884  154 640  307,0  377,0  -  - 
3  116 837  121 521  154 312  155 770  278,0  347,0  402,0  - 
4  126 340  122 280  140 320  139 450  283,2  330,3  369,0  383,0 
5  136 250  140110  137 234  141 212  276,0  295,1  389,0  - 
 
Table 4. cntd.  
Sample 
No. 
Ra  Zgo  Rm  b  c  max 10
6 
[MPa]  [MPa]  [MPa]  -  -   
1  293,0  177,0  481,2  -0.085  -0.200  1666 
2  293,0  186,0  502,1  -0.090  -0.120  2050 
3  233,0  177,0  501,7  -0.086  -0.140  1710 
4  256,3  185,2  499,2  -0.088  -0.170  1430 
5  240,2  179.0  470,8  -0.083  -0.150  1470 
 
Figure 4 also shows selected stress-strain diagrams ( = f ()) 
plotted for the specimens cut out from the cast iron roll [7], the 
measured properties of which have been given in Table 2. 
a) 
 
b) 
 
Fig. 4. The stress-strain diagram ( = f ()) plotted from the 
results of MLCF test for specimens: a) 193 and b) 671 
 
3. Summary 
 
The  developed  computer  program  for  modified  low-cycle 
fatigue  test  (MLCF),  provided  with  an  algorithm  divided  into 
respective blocks necessary for the determination of some specific 
mechanical properties, ensures obtaining fully reliable results of 
the  tests.  This  refers  to  both  static  properties  and  fatigue 
behaviour of the tested materials  – the fact that in the case of 
heterogeneous structures can never be overestimated, remember-
ring that the standard LCF test uses 15 specimens minimum (3 
specimens per one measuring point), while in the new modified 
MLCF  test,  the  same  parameters  can  be  measured  on  one 
specimen only, besides properties like endurance limit and other 
apparent limit values. 
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